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CALI FORNI A FALSEWORK MANUAL

LAG SCREWS W THDRAWAL AND LATERAL LOAD DESI GN VALUES
DOUGLAS FI R- LARCH @

WITH- LATERAL LOAD VALUES® (1lbs.)
DRAWAL
VALUE®
LENGTH OF DIAMETER (1b/in) 1.5" Side 2.5" Side
LAG SCREW ‘OF LAG Member Member
IN MAIN SCREW
MEMBER (in)
( in) P(d) Q(e) P(d) Q(e)
1/4 232 170 170
5/16 274 220 180
4 3/8 314 250 190
7/16 353 280 190
1/2 390 290 190
5/8 461 360 210
1/4 232 200 200
5/16 274 290 250
5 3/8 314 380 290
7/16 353 420 290
1/2 390 440 280
5/8 461 530 320
1/4 232 230 220
5/16 274 330 280
3/8 314 420 320 380 290
7/16 353 520 360 440 310
6 1/2 390 600 390 470 310
5/8 461 710 430 550 330
3/4 528 630 350
7/8 593 720 370
1 656 800 400

(a) Species C}ouP I,
speci es avail abl e _
Structure Construction.

(b) Design values of wthdrawal

t hreaded part
(c) Lateral |oad per
(d) Parallel to grain.

(e) Perpendicul ar

specific gravity
by contacting the Sacramento O fice of

into side grain o

to grain.

0.51. Values for

ot her

unds/inch of-penetration of
hol di ng poi nt,

Po
member
lag screw in single shear.

TABLE E-2

E-2
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CONNECTOR DESI GN VALUES

LAG SCREWS WITHDRAWAL AND LATERAL LOAD DESIGN VALUES
DOUGLAS FI R- LARCH ®

WITH- LATERAL LOAD VALUES® (1bs.)
DRAWAL
VALUE®
LENGTH OF DIAMETER (1bs/in) 1.5" Side 2.5" Side
LAG SCREW OF LAG Member Member
IN MAIN SCREW
MEMBER (in)
(in) . p@ Q© P@ Q©
1/4 232 240 230
5/16 274 350 300
3/8 314 460 350 430 330
7/16 353 560 390 580 410
7 1/2 390 660 430 650 420
' 5/8 461 780 470 750 450
3/4 528 850 470
7/8 : 593 970 500
1 656 1090 540
3/8 314 480 370
7/16 353 630 440
1/2 390 770 500
8 5/8 461 S 970 580
3/4 528 1090 600
7/8 593 . 1220 630
1 656 1370 690
3/8 314 520 400
7/16 353 680 480
1/2 " 390 830 540
9 5/8 461 1130 680
: 3/4 528 1350 740
7/8 593 A 1470 760
1 656 1660 830

See TABLE E-2 for footnotes.

TABLE E-3
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DESI GN OF MULTI PLE- FASTENER CONNECTI ONS *

Section 1 General Information

1.01 Introduction

The procedure for evaluating the adequacy of connections nade
wth bolts and |ag screws, as discussed In Section 4-3, Tinber
Fasteners, applies onIY to connections nade with one fastener
or two fasteners installed in a line parallel to the side
menber. In a two-fastener connection where the fasteners are
not installed in aline parallel to the side nmenber, or in any
connection where nore than two fasteners are used, the design
procedures are nodified in accordance with industry design
criteria for nmultiple-fastener connections.

IndustrY_requirenents for multiple-fastener connections that
are applicable to fal sework construction, and the procedures
necessary to accommodate them are explained in the follow ng
secti ons.

1.02 Definitions

1. 02A Row of Fasteners

A row of fasteners aligned with '"the direction of the applied
| oad consists of the follow ng:

Two or nore bolts of the same dianmeter [oaded in single
shear or double shear.

Two or nore |lag screws of the same type and size |oaded in
singl e shear.

1. 02B G oup of Fasteners

A group of fasteners consists of one or nore parallel rows of
the same type of fastener arranged symetrically with respect
to the axis of the |oad.

1.02C Wdth of Fastener G oup

The overall width of a fastener group is defined as the center-
to-center spacing of the adjacent rows, except as provided in
the follow ng paragraph

' The design criteria and procedures discussed herein apply

to both bolt and |ag screw connections. In the text, the term
"fasteners" includes bolts and lag screws. For sinplicity, in
sone cases the term"bolts" is used al one; however, such use is
understood to include lag screws as well.

E-9 Revi sed 06/ 95



CALI FORNI A FALSEWORK MANUAL

Wien the fasteners in adjacent rows are stag%ered and the

di stance between the adjacent rows is |less than one-fourth of
the di stance between the closest fasteners in the adjacent
rows, the adjacent rows are considered to be a single row when
determning the design value for the. fastener group

Wen only one row of fasteners is used, or when adjacent rows

are considered to be a single row as provided in the preceding
paragraph, the wdth of the fastener group for design purposes
Wl be the mninum parallel-to-grain spacing of the fasteners.

1.02D L/ D Ratio

L/Dis the ratio of the length, L, of the fastener in the nain
member to its dianeter, D.

1. 03 Spaci hg and C earance Requirenents

1. 03A Spacing Along a Row

Fastener spacing is neasured between the centers of adjacent
bolts or lag screws.

For parallel-to-grain |oading when the actual bolt |oad equals
the allowabl e design load, the mnimum spacing between bolts in
arowparallel tothe grainis 4 tines the bolt dianeter. If
the actual bolt load is less than the allowable |oad but not

| ess than 75 percent of the allowable |oad, the spacing nmay be
reduced proportionately, but pot below 3 bolt dianeters regard-
| ess of the actual bolt | oad.

For perpendicul ar-to-grain |oading, spacing between bolts or
lag screws in a row perpendicular to the grainis Iimted by
the spacing requirenents of the attached nenber or nenbers

| oaded parallel to the grain.

1. 03B Spacing Between Rows

Spaci ng between adjacent rows is neasured between the row
centerlines.

For parallel-to-grain loading, the mninum spacing agross the
grain between rows of bolts is |-1/2 bolt dianeters.

For perpendicular-to-grain loading, as with brace to post
connections, the spacing parallel to the grain between rows of

> When lag screws are used, the nininum spacings are the sane
as required for bolts of a diameter equal to the shank dianeter
of the lag screw used.

E- 10 Revi sed 06/ 95



MULTI PLE- FASTENER CONNECTI ONS

bolts nust be at least 2-1/2 bolt dianeters for L/D ratios of 2.
or less and 5 bolt dianeters for L/D ratios of 6 or nore. For

rati os between 2 and 6, the m ninum spaci ng may be obtai ned by

straight-line interpolation.

The maxi mum spaci ng between adjacent rows of fasteners may not
exceed 5 inches, regardl ess of other considerations.

1. 03C Edge and End D stance Requirenents

Except as provided in the follow ng paragraph, edge and end
di stance requirenents for multi-fastener connections are fhe
same as the requirenents for single fastener connections.

For parallel-to-grain IoadinP In tension or conpression, the

m ni mum edge distance is 1-1/2 bolt (or lag screw) dianeters,
except that when the L/Dratio is nore than 6, the m ni num edge
distance is |-1/2 diameters or one-half the distance between
adj acent rows, whichever is greater.

1. 04 Fastener Placenent for Loads at an Angle to Grain

Wien the load is aEpIied at an angle to the grain, as is the
case with fal sework bracing, industr% practice requires that
the gravity axis of all menbers in the connection nust pass
t hrough the center of resistance of the fastener group.

| -05 Cross-Sectional Areas

The procedure for evaluatin? t he adequacy of nmultiple-fastener
connections uses reduction factors that are a function of an
equi val ent cross-sectional area based on the width of the
fastener group in each of the nmenmbers making up the connection.

For bolted connections, the equival ent cross-sectional area is
the product of the width of the fastener group (as defined
herein in Section 1.02, Definitions) and the thickness of the
menber under consideration. Wen lag screws are used, the

t hi ckness of the main nenber is the depth of penetration of the
lag screw into the main nenber.

When a nenber is loaded in the perpendicular to the grain
direction, as a fal sework post [oaded by the bracinﬂ, its
equi val ent cross-sectional area is the product of the thickness
of the nmenber and the overall width of the fastener group under
consi der at i on.

For the cal cul ations, gross cross-sectional areas are used with

no reduction for bolt or lag screw hol es.

®See Chapter 4, Section 4-3, Tinber Fasteners.
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nnect or iagn Val

(a) The design value for a group of fasteners is the sum of
the design values for the individual rows in the group.

(b) The design value for a row of fasteners of the sane
size and type cannot exceed the value of P, as given by
the follow ng formul a:

P, = KP

s

where P, = the resultant design value, in pounds, for
the row of fasteners.

P, = the summation of the design values for the
individual fasteners in a row.

K

the nodification (reduction) factor for the
nunber of fasteners in a row Modification
factors are shown in Table E-8.
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MULTI PLE- FASTENER CONNECTI ONS

Section 2 Exanple Cal cul ations

Example 1

G ven:
12 x 12 post with single 2 x 8 brace. <2

3 - 5/8" bolts in a single row

Center of gravity of the bolt group =\,2\\‘e
coincides with the center of gravity 1 EOR

of the nenbers. <~ NN
' e \\/
Deternmine the allowabl e | oad on the group R A
of fasteners. Y
S _Toer
Spacing of bolts in a row : /
4D = (4)(0.625) = 2.5 inches m ni num (used)
End distance

Use the nore critical value for tension since the brace could
be in either tension or conpression.

7D = (7)(0.625) = 4.375 inches m ninum< 5"

Edge di st ance

For the main nmenber:
4D = (4)(0.625) = 2.5 inches mninum< 4, 125"
For the side menber:
1.5D = (1-5)(0.625) = 0.938 inches < 1.25"

Determ ne the single bolt val ue

Si de nmenber value = (0O 75)(1960) = 1470 | bs.

Mai n nmenber val ue using the nodified Hankinson's fornul a:

(0.75)(1990) (1260) - 1114 |bs.
(1990) (sin“50) + (1260) (cos“50)

The value for the main nenmber controls.
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Exanple 1 (Continued)

Determine the capacity of the bolt group

Pesrour = K(no. of fasteners)(single bolt val ue)

= K(3x1114)
= K(3342) | bs/row

The value for reduction factor Kis obtained from Table E-8,
after calculating the cross-sectional area of the side and main
menbers. (See Table E-8.)

A(main menber) = (2.5) (12) = 30.00 in?
A, (side nenmber) = (1.5) (2.5) = 3.75 in?
A,/A,=30.00/3.75 = 8.00

Since a,/3,> 1, use the value of Ba,/a, when entering
Colum A and use the value of A, when entering Colum B.

A/A; = 3.75/30.00 = 0.125

For Table E-8, Colum A values are: 0.0 < 0125 < 1.0; Colum B
value is: < 12; and the K value is found by interpolation:

Colum A Colum B Colum for 3 fasteners
0.0 <| 2 0. 87
0.125 <l 2 K
1.0 <12 0. 97

Solve for K

(1.0 - 0.0) (0.97 - 0.87)
0.125 _ (K - 0.87)
1.0 0.10
0.0125 = K - 0.87
K = 0.883

and P, = K(Pgope) = (0.883 x 3342) = 2951 lbs.
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MULTI PLE- FASTENER CONNECTI ONS

Exanple 2 e
G ven: ﬁtv'. :
12 x 12 post with a 2 x 8 brace on N
each side. T sl
. N \"i-.; D\“\ >"
6- 5/8" bolts arranged in two rows =T T '§<:‘ﬁ?
of 3 connectors each. A "ixﬁyﬁ‘\
zaoo S ~
Center of gravity of the bolt group < ugg\\\\ v
coincides. with the center of gravity . o \\§
of the nmenbers. ) L’//>%»/
. -
Determ ne the allowable |oad on the group —
of fasteners. y

1. For the side menber (loading parallel to grain):
Spacing of bolts in a row
4D = (4)(.625) = 2.5 inches m ni num

Spaci ng between rows of bolts
1.5D = (1.5)(.625) = .938 inches m ni mum

End di st ance

Use the value for tension since brace could be either in
tension or conpression.

7D = (7)(.625) = 4.375 inches m ni num
Edge di st ance

1.5D = (1.5) (.625) = .938 inches
Nunber of rows of fasteners

D stance between adjacent rows = 4.75", which is greater
than 2.5/4 = 0.625. Therefore, analyze as 2 rows of bolts.

E- 15 Revi sed 06/ 95



CALI FORNI A FALSEWORK MANUAL

Exanpl e 2 (Conti nued)

2 . For the main nenber (| oading perpendicular to grain):

Spaci ng bet ween rows

L/D = 12/(0.625) = 19.2

5D = (5)(.625) = 3.125 inches mninum < 4, 75"
Edge di stance

Use 4D since load reversal is possible.

4D = (4) (.625) = 2.50 inches mni nrum < 4, 125"

Determine single bolt value

Si de menber value = (0.75)(1960) = 1470 Lbs.

Mai n nmenber val ue using nodified Hankinson's fornul a:

(0.75)(1990) (1260)
(1990) (sir;st) + (1260 (cos?50)

= 1114 LBS

The value for the nmain nenber controls.

Determ ne the capacity of the bolt qroup

K(No. of fasteners) (single bolt value)
K(3)(1114)
K(3342) LBS/row

PGROUP

Reduction factor Kis obtained from Table E-8. To enter
Table E-8 it is necessary to calculate the cross-sectional
-area of the side and main nenbers.

A (main nmenber) = (4.75)(12) = 57.00in?

A, (side menber) = (1.5)(4.75) = 7.125 in?

A,/Ax 57.00/7.125 = 8.00
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MULTI PLE- FASTENER CONNECTI ONS

Example 2 (Continued)

Since A,/a, > 1, use the value of,/a, when entering
Colum A and use the value of A when entering colum B.
(See Table E-8.)

A /A, 7.125/57.00 = 0.125

For Table E-8, Colum A values are: 0.0 < 0.125 < 1.0; Colum B
value is: < 12; and the K value is found by interpolation:

Colum A Colum B Colum for 3 fasteners
0.0 <l 2 0. 87
0.125 <| 2 K
1.0 <| 2 0.97

By interpolation, K = 0.883
and P, = K(Pgrour)

= [(0.883)(3342 I bs/row (2 rows) = 5902 | bs.
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